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Introduction
The incidence of type 1 diabetes is increasing worldwide, with an annual increase of about 3-5% [1, 2] . The annual incidence rate of childhood (<15 years of age) type 1 diabetes in Taiwan was 5.3 per 100 000 children in 2003-2008 [3] . Type 1 diabetes reduces life expectancy and results in significant lifetime medical costs [4] . The development of long-term microvascular complications such as nephropathy, retinopathy and neuropathy, and macrovascular complications such as cardiovascular disease (CVD) is responsible for major morbidity and mortality in patients with type 1 diabetes [5] , and these are key drivers of the economic burden for such individuals [6] . As estimated, approximately 37% of young adults diagnosed with type 1 diabetes in childhood had serious microvascular complications [7] . The risk of macrovascular diseases in patients with type 1 diabetes is at least 10 times that of the nondiabetic population [8, 9] ; such diseases are responsible for two-thirds of death among type 1 diabetes patients [10, 11] .
The pharmacological target of insulin is type II receptor tyrosine kinases (formerly known as insulin receptor family) [12] . Insulin binds to the insulin receptor and its primary activity is the regulation of glucose metabolism by promoting glucose and amino acid uptake into cells, particularly into muscle and adipose tissues. Intensive insulin therapy that achieves optimal glycaemic control could provide benefits in reducing the risk of either developing or worsening vascular complications in diabetes. Major trials in type 1 diabetes have confirmed the role of haemoglobin A1c (HbA1c)/glycaemic control in microvascular diseases [13] [14] [15] [16] [17] . In addition, intensive glycaemic control has been shown to reduce CVD risks in patients with type 1 diabetes [18] . Therefore, tight glycaemic control is critical for preventing the natural history of developing diabetes-related vascular complications.
For type 1 diabetes, basal insulin, including long-acting insulin analogues and intermediate/long-acting human insulin, is an important treatment for achieving optimal glycaemic targets, and thus the potential effect of basal insulin on long-term diabetes-related complications would be of interest [15, 19] . Basal insulin should be combined with prandial (rapid-or short-acting) insulin in basal-bolus schemes with multiple daily injections. Although the difference in reduced HbA1c level between long-acting insulin analogues and intermediate/long-acting human insulin may be small [20] , long-acting insulin analogues (e.g. glargine) have several advantages over intermediate/long-acting human insulin, including significantly improved fasting blood glucose, less glucose variability and fewer hypoglycaemic episodes [21] [22] [23] [24] , which may produce favourable vascular profiles.
There has been a lack of longitudinal studies to assess the impact of long-acting insulin analogues vs. intermediate/long-acting human insulin on long-term diabetes-related complications in patients with type 1 diabetes. Randomized controlled trials (RCTs) on type 1 diabetes reported no difference in CVD (i.e. transient ischaemic attack, mortality due to myocardial infarction, or cardiopulmonary arrest) [25] [26] [27] or microvascular events [28, 29] between long-acting insulin analogues and intermediate/long-acting human insulin treatments. However, one limitation inherent to these RCTs is the relatively short length of the observation period (i.e. 16-32 weeks), which makes it difficult to capture any long-term diabetes-related complications. Although two observational cohort studies were conducted, in the United States [30] and Italy [31] , respectively, to evaluate the effects of basal insulin on the risks of diabetes-related complications, neither specifically targeted patients with type 1 diabetes. The present study thus aimed to evaluate the comparative risks of acute and chronic diabetes-related complications of basal insulins (i.e. long-acting insulin analogues vs. intermediate/long-acting human insulin) for patients with type 1 diabetes.
Materials and methods
The Institutional Review Board of National Cheng Kung University Hospital approved the study before commencement (B-EX-103-015).
We utilized the Longitudinal Cohort of Diabetes Patients (LHDB) 1999-2013 from the National Health Insurance Research Database (NHIRD) as a data source. Taiwan's NHIRD is population based and derived from the claims data of the National Health Insurance (NHI) programme, a mandatoryenrolment, single-payer system that covers over 99% of Taiwan's population [32] . The LHDB is a valid national dataset that consists of a random sample of 120 000 deidentified diabetes incident cases from each calendar year, who were tracked back to 1996 and followed up to 2013 to establish a longitudinal cohort. The LHDB is the most representative of Taiwan's population with diabetes and provides a research opportunity to evaluate the long-term health outcomes of the patients.
Study cohort
The procedures for identifying patients with type 1 diabetes from the LHDB were based on previous studies [3, 33] and expert opinions (three experts from the field of endocrinology, paediatrics and family medicine, respectively). We selected the patients who: (i) had received a catastrophic illness certificate (CIC) for type 1 diabetes; (ii) had been diagnosed with type 1 diabetes [International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) = 250.X1 or 250.X3] from the outpatient file of the LHDB during 1999-2008; and (iii) had been prescribed long-acting insulin analogues (i.e. glargine, detemir) or intermediate/long-acting human insulin [i.e. neutral protamine Hagedorn (NPH), lente, ultralente) during 2004-2008. This period was chosen because glargine had been reimbursed by the NHI since February 2004. Insulin exposure was ascertained according to insulin prescriptions from the LHDB. The type of insulin was confirmed based on the labels and the drug licensure codes of insulin products from the Taiwan Food and Drug Administration (TFDA). A list of insulins in the NHI formularies between 1999 and 2015, and corresponding drug licensure codes from the TFDA are provided in Table S1 . To exclude potential type 2 diabetes cases, we removed those prescribed with any oral antidiabetic agents (OADs), including sulphonylureas, meglitinides, alpha-glucosidase inhibitors (e.g. acarbose), dipeptidyl peptidase 4 inhibitors and glucagon-like peptide 1 receptor agonists, after the CIC for type 1 diabetes had been issued. However, those on metformin alone, thiazolidinediones (TZDs) alone, or a combination of metformin and TZDs were retained in the cohort, mainly due to the fact that both metformin and TZDs are insulin sensitizers that can be combined with insulin treatments for patients with insulin resistance [34, 35] , and that we have seen these two drugs prescribed in a number of patients with type 1 diabetes in Taiwan's practice setting as well as in published studies [34, 36] . In addition, we allowed the inclusion of study patients exposed to OADs before the CIC for type 1 diabetes was issued, for the following two reasons. First, the patients may have been misclassified as having type 2 diabetes before they were confirmed as having type 1 diabetes (i.e. before the CIC was issued). Secondly, during the 'honeymoon phase' -i.e. in the early stage of type 1 diabetes -it is believed that β cells still have some preserved mass/functions for insulin secretion [37] . In this circumstance, sulphonylureas, which stimulate insulin secretion from pancreatic cells, may still be effective for type 1 diabetes. In fact, we found around 10% of study patients who had been prescribed sulphonylureas before being confirmed as having type 1 diabetes (Table 1) , while they had not been prescribed any OADs, except for metformin or TZDs, after the CIC for type 1 diabetes had been issued.
To select new users of basal insulin, we excluded those with a history of basal insulin use before the first claim date for basal insulin between 2004 and 2008. We then selected only stable basal insulin users, which were defined as having at least three consecutive insulin refills from the same insulin group among the first five prescriptions during [2004] [2005] [2006] [2007] [2008] , and any gaps between two consecutive refills of fewer than 180 days ('grace period'). The definition of 'stable' users was based on our previous studies [4, 38] as well as our clinical observations of the prescription pattern of insulin use among patients with type 1 diabetes in Taiwan. The first claim date for stable prescriptions of basal insulin that met the criteria above was defined as the index date. Patients were classified into either long-acting insulin analogue or intermediate/long-acting human insulin users based on the type of basal insulin prescribed at the index date. Furthermore, we excluded those with a history of diagnosis of chronic diabetes-related complications (i.e. CVD, nephropathy, neuropathy, retinopathy; listed in Table S2 ) within 1 year before the index date, in order to catch incident diabetes-related complication events after the start of basal insulin. Based on the inclusion and exclusion criteria, we identified a total of 1188 type 1 diabetes patients who were newly treated with basal insulin (34% on long-acting insulin analogues) and had no macrovascular or microvascular diseases before the index date ( Figure 1 ).
Study outcomes
The outcomes of interest were any diabetes-related complications as a composite outcome for diabetes-related complications, including hospitalization for hyperglycaemia, outpatient or inpatient visits for hypoglycaemia, outpatient or inpatient visits for microvascular complications (i.e. nephropathy, retinopathy or neuropathy) or macrovascular complications (i.e. acute myocardial infarction, ischaemic heart disease, heart failure, stroke, cardiogenic shock, sudden cardiac arrest, atherosclerosis, CVD or arrhythmia), and allcause mortality. The study targeted defined hypoglycaemic events requiring medical assistance or intervention. Therefore, only outpatient visits and hospitalizations (including Table 1 Patients' characteristics according to type of insulin before and after propensity score (PS) matching emergency room visits) for hypoglycaemia were counted. Death was ascertained based on the information on the CIC or in the inpatient files of the NHIRD, or discontinued enrolment from the NHI programme within 30 days of hospital discharge [39] . The ICD-9-CM disease diagnosis and procedure codes for the identification of study outcomes of interest are summarized in Table S2 .
Statistics
We used student's t-test to examine the mean differences among continuous variables, and used the chi-square test, Fisher test or Cochran-Mantel-Haenszel test to examine the heterogeneity in the distributions of categorical variables.
Our primary analysis was performed as 'intent-to-treat' (ITT), whereby all patients were followed from the index date until a specific complication occurred, dropout from the NHI programme, death or the end of 2013. The crude incidence rate of complication events was calculated as the total number of events divided by the person-years at risk accumulated over the follow-up period. To adjust for baseline dissimilarities in potential confounders, we performed propensity score (PS) matching as the primary analysis, using the nearest neighbour approach with a ratio of 1:1 [40] to yield two comparable treatment groups (i.e. long-acting insulin analogues and intermediate/long-acting human insulin groups). As recommended, the variable selection for estimating propensity scores Figure 1 Flow chart of study sample selection. IPTW, inverse probability treatment weighting; NPH, neutral protamine Hagedorn; PS, propensity score; SMRW, standardized mortality ratio weighting. *Prescription gaps were defined using the following formula: a prescription gap = the next prescription date -(current prescription date + current number of prescription days) is preferable to including either those variables that affect only study outcome(s) or those variables that affect both treatment section and the outcome(s) [41] . The propensity scores were thus calculated by using a logistic regression model in which treatment status (i.e. receipt of long-acting insulin analogues vs. intermediate/long-acting human insulin) was a dependent variable, and a list of independent variables which we considered to be associated with diabetes-related complications and/or the selection of basal insulin: age and gender at index date, the year of index date, diabetes duration (i.e. the time from diabetes onset to index date), comorbidity history from 1 year before index date (i.e. hypertension, hyperlipidaemia, hospitalization for diabetic ketoacidosis, hospitalization for the hyperosmolar hyperglycaemic state, hypoglycaemia, dyslipidaemia, hypertension and a composite comorbidity score measured by Charlson Comorbidity Index [42] ), and medication history from 1 year before the index date, including: other insulins (e.g. short-acting insulin, rapid-acting insulin), OADs (e.g. sulphonylureas) and CVD-related medications (e.g. lipid-lowering agents, β-blockers, angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, diuretics, calcium channel blockers, antiarrhythmic agents, digoxin, nitrates or antithrombotic agents). Cox proportional hazards regression (using the PROC PHREG function in SAS) was applied to evaluate the time to diabetes-related complication events between the matched insulin groups. We plotted the graph of the log[Àlog(survival)] vs. log of the survival time (using the PROC LIFETEST function in SAS), which resulted in parallel curves, implying that the variables in the Cox model satisfied the proportional hazards assumption [43] . SAS version 9.4 (SAS Institute Inc., Cary, NC) was used for statistical analysis.
In addition to the aforementioned PS-matching procedures, two other approaches [inverse probability of treatment weighting (IPTW) and standardized mortality ratio weighting (SMRW)] were performed to make our results more generalizable. This is because, by using these approaches, all cohort patients would be retained for analyses. In contrast, only a certain proportion of cohort patients who were comparable between two insulin groups can be selected for analyses when using the PS-matching approach. For IPTW, inverse probability treatment weights are defined as the inverse of the estimated PS for treated patients and the inverse of 1 minus the estimated PS for control patients. For SMRW, treated patients are given a weight of 1, while weights for control patients are defined as the ratio of the estimated PS to 1 minus the estimated PS. Furthermore, we stabilized weights to increase precision in the estimated treatment effects from the IPTW analysis [44] . To adjust for unmeasured confounding (e.g. HbA1c) and decrease bias, patients at the 5th to 95th percentiles of distribution of PS strata were trimmed/eliminated [44] . An IPTW-or SMRWbased Cox proportional hazards model was then used to evaluate the risk of diabetes-related complications, whereby the weights were derived from a PS that models the probability of treatment assignment (i.e. long-acting insulin vs. intermediate/long-acting human insulin). Hazard ratios (HRs), adjusted HRs (aHRs) and corresponding 95% confidence intervals (CIs) were computed from the Cox model. A P value of <0.05 was considered statistically significant.
A series of sensitivity analyses was conducted. Firstly, the aforementioned analyses were conducted based on the 'ontreatment' scenario, whereby patients were censored when they switched to or added another type of basal insulin, or discontinued basal insulin treatment, in addition to the censored points in our primary analyses based on ITT (i.e. event occurred, death, dropout from the NHI programme, end of 2013). Secondly, we excluded those who had macrovascular or microvascular disease during the first three basal insulin prescriptions (the period used to identify stable users) and changed the index date to the third prescription date of stable use of basal insulin, in order to avoid immortal time bias. Thirdly, we used 60 days as a grace period, which was a stricter criterion for identifying stable insulin users. Fourthly, the effect of insulin on chronic complications may take some time, so we conducted a lag-time analysis, whereby patients with chronic complication events that occurred 3 years after the initiation of insulin were excluded. Fifthly, basal insulin is typically accompanied by short/rapid-acting insulin or even premixed insulin, which may influence the outcomes of study interest (i.e. hypoglycaemia, diabetes-related complications). So, we adjusted for short/rapid-acting insulin or premixed insulin, along with the use of basal insulin at the index date, as covariates in the Cox models. Finally, a stratification analysis was conducted; the aforementioned primary analyses were stratified by age at the first diagnosis of type 1 diabetes (i.e. early onset: 0-12 years; late onset: ≥13 years).
Results
The number of patients included for unadjusted analyses, SMRW and IPTW were 401 and 787 for long-acting insulin analogues and intermediate/long-acting human insulin, respectively, while that for the PS-matching analysis were 270 and 270 for long-acting insulin analogues and intermediate/long-acting human insulin, respectively (Figure 1 ). Table 1 shows the patients' characteristics stratified by the type of basal insulin. Before the PS matching, patients on long-acting insulin analogues were older and used more premixed insulin, metformin, TZDs and CVD medications (i.e. lipid-lowering agents, β-blockers). However, these patients' characteristics were no longer different between the two insulin groups after PS matching, IPTW or SMRW. Additional information about patients' characteristics is provided in Table S3 . The analyses were conducted for any diabetesrelated complications (as a composite outcome) and for each particular complication, separately. The follow-up times for each specific complication are provided in Table S4 . Table 2 Table S5 .
The results of sensitivity analyses are presented in Table 3 . The results from the scenarios (except for scenario 1, 'ontreatment') are consistent with those from the primary analyses shown in Table 2 . However, in scenario 1 'on-treatment', only the result for outpatient hypoglycaemia is significant. Moreover, the baseline characteristics of the study cohort indicated that a few patients had prior use of CVD-related medications (i.e. antiarrhythmic agents, digoxin, nitrates and antithrombotic drugs; see Table 1 ). We further excluded these patients from the study cohort and re-ran the analyses. The results (Table S6) were consistent with those from the primary analyses. Table 4 shows the results stratified by age at the onset of type 1 diabetes, and a significantly lower risk for outpatient hypoglycaemia associated with the use of long-acting insulin analogues was observed in early-onset type 1 diabetes.
Discussion
We believe that the present study is the first to utilize a large and longitudinal cohort of newly diagnosed type 1 diabetes patients to evaluate the comparative risks of acute complications (i.e. hypoglycaemia, hyperglycaemia), chronic complications (i.e. microvascular and macrovascular diseases) and all-cause mortality associated with the use of [20] ) produce the benefits in altering risks of long-term diabetes-related complications in type 1 diabetes. Previous RCTs on type 1 diabetes with a relatively limited follow-up period (e.g. 16 weeks [25] ) and sample size (e.g. 130 [22] ) found no difference in macrovascular diseases [25] [26] [27] or microvascular events [28, 29] between long-acting insulin analogue and intermediate/long-acting human insulin users. Although the present 'real-world' study included 1188 type 1 diabetes cases with a median follow-up of 7.39 years for chronic diabetes-related complications (i.e. CVD, microvascular diseases), the differences between these two types of basal insulin on individual macrovascular and microvascular complications still appeared small.
Consistent with previous RCTs [25] [26] [27] , a significantly reduced hypoglycaemia risk with long-acting insulin analogues was confirmed in the current study. As hypoglycaemia is a potential contributor to CVD [46] , a significantly lower risk of this condition with the use of longacting insulin analogues may be associated with favourable vascular outcomes. In fact, a trend of a lower incidence rate of CVD in long-acting insulin vs. intermediate/long-acting human insulin observed in the present study of type 1 diabetes is consistent with that found in a previous study of type 2 diabetes [30] . However, Juhaeri et al. [30] targeted only type 2 diabetes, and the study by Cammarota et al. [31] was not able to differentiate between type 1 and type 2 diabetes with confidence. To the best of our knowledge, the present study is the first to target type 1 diabetes to provide longitudinal evidence for the risk of diabetes-related complications associated with the use of basal insulin. Similar to the findings of Cammarota et al. [31] , we found a significantly lower risk of a composite of diabetes-related complications (including CVD, microvascular diseases, hyperglycaemia and hypoglycaemia) among long-acting insulin analogue users compared with those on intermediate/long-acting human insulin.
The study had several methodological strengths to be emphasized. First, the definition of type 1 diabetes in our study considered not only the approaches from previous studies [33] , but also clinical expertise from clinicians. Previous studies had used only the CIC and diagnosis codes of 250.x1 or x3 aHR, adjusted hazard ratio; CI, confidence interval; CVD, cardiovascular disease; HI, human insulin; IA, insulin analogues a aHRs and 95% CIs were based on a PS-matching approach *P < 0.05
Basal insulin for type 1 diabetes complications to define type 1 diabetes [33] , while the present study additionally excluded potential type 2 diabetes cases (i.e. those prescribed OADs after the CIC was issued). We found that about 20% of the patients receiving the CIC for type 1 diabetes (612 out of 3123 in Figure 1 ) had been prescribed at least one OAD, except for metformin or TZDs, after the CIC was issued. And, 10% of study patients were prescribed with sulphonylureas at baseline (as shown in Table 1 ), while they had not been prescribed any OADs, except for metformin or TZDs, after the CIC for type 1 diabetes had been issued. We extracted study patients based on criteria for the selection of type 1 diabetes cohort that were different from those of previous studies [33, 47] . We found that the study subjects in whom potential type 2 diabetes was excluded after the CIC was issued had similar characteristics to possible type 1 diabetes cases. The characteristics of possible study cases of type 1 diabetes patients based on various identification approaches are summarized in Table S7 . For example, the study subjects based on our approach (i.e. excluding potential type 2 diabetes cases) were younger, had had fewer CVD events and had a lower frequency of lipid-lowering agent use compared with subjects selected based on the approaches of previous studies [33, 47] . We suggest that further validation of type 1 diabetes cases is warranted to verify the validity of different identification approaches (i.e. 250.xx and CICs [47] , 250.x1 or 250.x3
and CICs [33] , 250.x1 or 250.x3, CICs, and excluding potential type 2 diabetes cases via OADs). Second, we developed tools for measuring insulin exposure from the NHIRD in Taiwan (Table S1) , which is expected to promote future utilization studies and outcomes research into insulin use in Taiwan. Third, with regard to the potential problem of confounding bias due to the nature of observational studies, we applied different adjustment strategies (i.e. PS matching, IPTW, SMRW). The PS-matching approach tends to find matched/similar patients to be compared, and, therefore, a certain proportion of the study sample may be excluded if no similar cases can be identified. This may reduce the generalizability of study results. By contrast, IPTW and SMRW retain the whole study sample and adjust patients' baseline differences using weights, which guarantees the generalizability of findings. The IPTW method creates a synthetic sample, whereby the weighted treatment and control groups are representative of the patient characteristics in the overall population [48] , while SMRW reweights the control patients to be representative of the treated population [44] . Another strength of SMRW is that it is not affected by further uncontrolled confounding attributable to the inability to find an exact match for each treated subject [49] . Most importantly, the results from different methods were consistent, which supports the validity of our study results. In addition, a series of sensitivity analyses (e.g. on-treatment scenario) was conducted to ensure the robustness of our findings.
Study limitations
Despite the aforementioned strengths of the study, several limitations should be addressed. First, the diagnoses of type 1 diabetes and diabetes-related complications relied fully on ICD-9-CM codes, which may be subject to disease misclassification. However, the type 1 diabetes cohort was formed using the LHDB, and all research information was retrieved from the medical claims in the NHIRD, which have a low likelihood of recall bias, a low likelihood of nonresponse and a low loss to follow-up of cohort members. Moreover, the diagnosis and procedure codes of diabetes-related complications used in the study have been used in previous diabetes studies (as summarized in Table S2 ). Some validation studies for CVD (e.g. myocardial infarction [50] , stroke [51] ) have shown high sensitivity and positive predictive values to identify CVD events by using the diagnosis codes in Taiwan's NHIRD. Additionally, for some diseases (e.g. ischaemic heart disease, stroke, retinopathy), we used disease and procedure codes alike to confirm disease status, which may have reduced the bias of disease misclassification. Second, the present study addressed only defined hypoglycaemic events requiring medical assistance (i.e. an outpatient visit or hospitalization for hypoglycaemia), but we did not measure the full extent of hypoglycaemic events. Therefore, we may have underestimated the number of hypoglycaemic events. Third, we did not include degludec as one of the long-acting insulin analogues because this agent is not currently reimbursed by Taiwan's NHI programme. Fourth, we did not control for the type of insulin administration, which may have affected the complication of interest. For example, insulin pump therapy, known as continuous subcutaneous insulin infusion, may facilitate glycaemic control and thus reduce the risk of diabetes-related complications. However, insulin pumps are not commonly used in Taiwan because they are relatively expensive and not reimbursed by the NHI programme. Fifth, by using claims data alone, we were unable to differentiate between people with latent autoimmune diabetes in adults (LADA) (a form of type 1 diabetes developing later in adulthood -typically at 30-50 years of age) and those with type 1 diabetes in childhood. However, according to the mean ages (± their standard deviations) for long-acting insulin analogues and intermediate/long-acting human insulin (i.e. 18.14 ± 8.69 and 18.21 ± 12.41 years of age, respectively) in the present study, there may have been few cases with LADA in our cohort. Sixth, the nature of the observational design of the study may raise the concern of confounding by indication. However, we applied several adjustment strategies (i.e. PS matching, SMRW with PS trimming 5-95th percentiles, IPTW with PS trimming 5-95th percentiles) to minimize baseline imbalances between different basal insulin users, and the results from different adjustment strategies appear consistent, which implies that our findings were robust. In addition, various sensitivity and stratification analyses were performed, which corroborated the validity of our findings. Moreover, we adjusted only for the differences in patients' characteristics at baseline (i.e. the index date) and did not further conduct time-varying analyses to control potential changes during the follow-up (e.g. the change in the pattern of short-acting insulin use). Seventh, potential residual confounding by incomplete adjustment for unmeasured factors (e.g. HbA1c, lifestyle risk factors, physicians' behaviours or preference) for study outcomes may be unavoidable. For example, in practice, physicians may pay more attention to patients treated with intermediate/long-acting human insulin, in terms of their hypoglycaemic events (i.e. more likely to ask about their experiences of hypoglycaemia in daily life when they come to clinic visits), compared with those taking long-acting insulin analogues. This is a potential detection bias, leading to more hypoglycaemic events being observed in the intermediate/long-acting human insulin group. Without adjusting for such behaviour by physicians, the relative benefit of long-acting insulin analogues vs. intermediate/long-acting human insulin for hypoglycaemia in the present study may have been overestimated. The median observational period for chronic diabetes-related complications (i.e. 7.39 years) in the present study may be considered relatively short. Moreover, the mean age of the study cohort at the index date was young (i.e. the mean ages for long-acting insulin analogues and intermediate/long-acting human insulin were 18.14 years and 18.21 years, respectively; see Table 1 ). These factors may have resulted in the relatively low frequency of macrovascular diseases (i.e. CVD) observed in the study, reducing the power of the study to detect the long-term effects of insulin. However, the incidence rate of microvascular diseases (e.g. retinopathy) was still significantly sufficient for study. The study involved a number of hypothesis tests without making adjustments for inflated type 1 error, making it subject to false-positive findings. The significant findings observed should thus be interpreted with caution. Lastly, our results may not be generalizable to other ethnicities or other health insurance settings, mainly because the healthcare delivered to Taiwan's population may not be the same as that in other countries.
Conclusions
The present 'real-world' study involved longitudinal observation of diabetes-related complications associated with the use of basal insulin among patients with type 1 diabetes. We found a trend of a potential benefit of long-acting insulin analogues over intermediate/long-acting human insulin on diabetes-related complications, which mainly consisted of a significantly reduced risk of hypoglycaemia and a low incidence rate of CVD associated with the use of long-acting insulin analogues. However, the differences between these two types of basal insulin in individual chronic complications may be marginal in this real-world setting. A prospective trial with a long-term follow-up is warranted to verify our findings, and this will have important clinical implications for the care of type 1 diabetes patients.
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